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ELECTRON DRIFT I N  PLASMA 

Kh. M. Fatal iyev,  G.  V. Spivak and E.  M.  Reykhrudel' 

ABSTRACT 

A method using two probes f o r  determination of t he  
d r i f t  of e lec t rons  i n  plasma was used over a wide range of 
discharge cur ren ts .  The c i r c u i t  was arranged t o  be sensi­
t i v e  t o  small changes of the probe cur ren t .  

1. Introduction 

It i s  known t h a t  a series of parameters important f o r  the  plasma of m* 
gas discharge (e lec t ron  temperature, e l ec t ron  concentration and e l ec t ron  space 
p o t e n t i a l ) ,  i s  determined wi th  s u f f i c i e n t  accuracy f o r  some purposes by means 
of probes which are introduced i n t o  the  discharge.  

The d i r ec t iona l  ve loc i ty  of e lec t rons  i n  plasma car r ied  out  with probes by 
Kovalenko, Rozhanskiy and Sena ( ref .  1) has shown t h a t  the  experimental values 
f o r  t h i s  quant i ty  are only ha l f  of those expected. 

The ana lys i s  of conditions which lead t o  t h i s  r e s u l t  make it possible  t o  
develop a method which permits a su f f i c i en t ly  accurate determination of the 
e l ec t ron  d r i f t  i n  plasma. 

I n  t h i s  case w e  a l s o  made two readings with a probe or iented i n  a spec ia l  
manner. The e l ec t ron  d r i f t  i n  plasma i s  manifested by the  d i s t o r t i o n  of the  
probe cha rac t e r i s t i c s .  

The asymmetry of probe cur ren ts  wi th  the  working s ide  of the probe facing 
the  anode o r  the cathode was noticed by Rusk and Peckham ( re f .  2) and Oettingen 
( r e f .  3 ) .  The i n i t i a l  authors operated under conditions corresponding t o  
processes i n  the cathode p a r t  of the discharge taking place i n  mercury vapor 
(low pressure,  tube length  of 4-5 em). A second author car r ied  out  h i s  meas­
urements i n  the  dark Faraday space and i n  the  s t r a t a  during discharge i n  
ni t rogen . 

*Numbers given i n  the margin ind ica te  the pagination i n  the  o r i g i n a l  foreign 
tex t .  



All of the measurements described i n  the present  a r t i c l e  p e r t a i n  t o  plasma 
during discharge i n  noble gases. 

The d i s t o r t i o n  of probe cha rac t e r i s t i c s  i n  p a r t s  of the discharge adjoin­
ing the  cathode and the determination of the d i s t r i b u t i o n  funct ion f o r  fas t  
e lec t rons  were recent ly  invest igated by Pol in  and Gvozdover ( r e f .  4). They used 
a method f o r  inves t iga t ing  f a s t  e lec t rons  which eliminated e r r o r s  associated 
with various methods f o r  extrapolat ing the ion current  ( r e f .  5 ) .  The measure­
ments of Rodin ( r e f .  6) showed t h a t  the deviat ion from the Maxwellian d i s t r ibu ­
t i o n  of ve loc i t i e s  due t o  the  flows i n  the cathode p a r t s  of the discharge a re  
attenuated a t  the  dis tance of the mean f r e e  e l ec t ron  pa th  X. If the d i s t r ibu ­
t i o n  funct ion f o r  ve loc i t i e s  i n  the cathode p a r t s  depends on the coordinate x 
( r e f .  7) (along the  axis of the tube) ,  then as  t r a n s i t i o n  takes  place i n t o  the 
pos i t ive  column, under the  condition x >> X, the  d i s t r i b u t i o n  funct ion does not  
necessar i ly  depend on x .  

Thus the e l ec t ron  d r i f t  i n  plasma has a constant value along the e n t i r e  
plasma. 

The d i s t o r t i o n  of the  probe current  i n  the plasma must therefore  not be 
confused with those deviat ions from the  Maxwellian d i s t r i b u t i o n  of ve loc i t i e s  
which are  observed i n  the cathode p a r t s  of the discharge and with the presence 
of plasma which was f i rs t  recorded by Langmuir ( r e f .  8 ) .  For an observer who 
d r i f t s  together with the  e n t i r e  flow of e lec t rons  towards the anode, the  
d i s t r i b u t i o n  of e l ec t ron  ve loc i t i e s  i n  the plasma appears t o  be Maxwellian.

@ 

The present  a r t i c l e  descr ibes  a s ens i t i ve  c i r c u i t  which makes it possible  
t o  take i n t o  account small cur ren t  var ia t ions  a t  the probe due t o  the d i rec­
t i o n a l  ve loc i ty  of plasma e lec t rons  and a l so  due t o  other  reasons, f o r  example, 
due t o  charges on w a l l s  surrounding the probe o r  due t o  charges on another 
c lose ly  s i tua ted  probe ( r e f .  9 ) ,  o r  due t o  the presence of impuri t ies  i n  the 
gas.  A l l  of these d i s t o r t i o n s  have been taken i n t o  account i n  our measurements. 

It i s  a l so  of i n t e r e s t  t o  determine the e lec t ron  d r i f t  from the readings 
of a f l a t  probe, i n  cases when the plasma i s  under the ac t ion  of a magnetic 
f i e l d .  The separat ion of e f f e c t s  produced by the magnetic f i e l d  both i n  the 
plasma and a l so  i n  the region which i s  of the order of the mean f r e e  path from 
the probe, becomes possible  only when a prec ise  account of e l ec t ron  d r i f t  i n  
the discharge i s  made ( r e f .  10). 

Since i n  the gas discharge i n  the plasma we have not only an e l ec t ron  cur­
r en t  along the  tube which closes  the ex terna l  current  c i r c u i t ,  but a l so  a cur­
r en t  towards the wal ls  of the tube, the d i s t r i b u t i o n  of ve loc i t i e s  w i l l  be 
given by the equation 

If we place the f l a t  probe on the axis  of the tube such t h a t  the perpen­
d icu la r  to the probe coincides with the tube axis, then v0 and wo become equal 
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t o  zero (0: the  r a d i a l  component of the f i e l d  along the ax i s  i s  equal t o  zero) 
and the  current  t o  the  probe depends only on one component of the  d i r ec t iona l  
veloci ty .  

If the ac t ive  s ide  of t he  probe i s  turned t o  face  the cathode then the 
probe current  ik i s  equal t o  

when 

>uo(m/2kT)'I', 

or  

when 

where 

and 

1%.= m i l O .  

The current  on the probe whose ac t ive  s ide  faces  the  anode i s  equal t o  

Equations (2), (3) and (4)  may be generalized f o r  determining 
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the  d i r e c t i o n a l  cur ren t  t o  the  tube wal l  by using t h e  general  form of the  d i s ­
t r i b u t i o n  function given by r e l a t ionsh ip  (1). 

t 

For a probe s i tua t ed  on the  tube ax i s  such t h a t  t he  normal t o  the probe 
i s  perpendicular with respec t  t o  the ax i s ,  the  conventional equations which a re  
derived assuming a Maxwellian d i s t r i b u t i o n  of e l ec t ron  ve loc i t i e s ,  a r e  va l id .  

By using equations (2), (3) and (4) we can e s t a b l i s h  the type of d i s t o r ­
t i ons  which a re  t o  be expected when the  e l ec t ron  temperature and e l ec t ron  con­
cent ra t ion  a re  determined f o r  t h e  case when the semilogarithmic probe 
cha rac t e r i s t i c s  a r e  processed i n  a conventional manner. Figures 1 and 2 show 
the t h e o r e t i c a l  c h a r a c t e r i s t i c s  f o r  a probe whose ac t ive  s ide  faces  the cathode 
and the anode. The parameter i s  the r a t i o  of the  d i r e c t i o n a l  cur ren t  t o  the  
chaotic current.  It i s  i n t e r e s t i n g  t o  po in t  out t h a t  t he  presence of d i rec­
t i o n a l  current does not e f f e c t  the l i n e a r i t y  of t he  c h a r a c t e r i s t i c s .  However, 
i n  the  f i rs t  place: the  c h a r a c t e r i s t i c s  of f i gu re  1 are  displaced up while the 
cha rac t e r i s t i c s  of f i gu re  2 a re  displaced down with respec t  t o  the  character­
i s t i c  of the  probe s i tua t ed  p a r a l l e l  t o  the tube ax is  (Ix/i= 0 ) ;  i n  t he  second 

place, the slope of the c h a r a c t e r i s t i c s  i s  changed increasing i n  f igu re  1 and 
decreasing i n  f igu re  2 compared with the  case Ia/i = 0. 

The magnitude of Ix/i var ies  i n  the l i m i t s  from zero t o  un i ty .  When the 

values of t h i s  quant i ty  a re  high an e r r o r  can be incurred both i n  the determina­
t i o n  of the  temperature and i n  the  determination of the  e l ec t ron  concentration 
by the conventional method which does not take i n t o  account the d i r e c t i o n a l  cur­
r e n t  i n  the  plasma. 

Figure 1 
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Figure 2 

2. Methods and Experimental Resul ts  

The inves t iga t ion  of the e f f e c t  of plane probe r o t a t i o n  on i t s  semiloga­
r i thmic cha rac t e r i s t i c s  was car r ied  out i n  argon with an incandescent oxide 
cathode a t  a pressure of 0.5 mm (tube N o .  1) and 0.9 mm and 1.05mm Hg (tube 
No.  2) f o r  d i f f e ren t  values of the discharge current  and f o r  d i f f e r e n t  voltages 
on the tube e lec t rodes .  The oxide cathode was mounted i n  an open molybdenum 
cylinder t o  in su la t e  the  wal l s  of the tube from e lec t ron  flows generated by 
the cathode. One s ide  of the tube w a s  made s u f f i c i e n t l y  long (approximately
70 cm) t o  make the plasma as homogeneous a s  possible  and the other  s ide  was 
made s u f f i c i e n t l y  wide so t h a t  i t s  diameter (4.8 cm) was la rge  compared with 
the diameter of the plane probe (0.8 em). This was a l s o  done so t h a t  the po­
t e n t i a l  of the probe could be looked upon r a the r  d e f i n i t e l y  a s  the p o t e n t i a l  of 
a given poin t  i n  the tube space. The plasma contained two plane disc-type /170 
probes of the same diameter s i t ua t ed  a t  a dis tance of 5 em from each other .  
One of these Z2 ( f i g .  3) w a s  f ixed along the axis of the tube p a r a l l e l  t o  it 

while the other  Z1 was actuated by the  weight of a rod attached t o  it (brass  

rod f o r  tube No. 1 and g la s s  rod f o r  tube N o .  2) so t h a t  i t s  ac t ive  s ide  would 
face the cathode or the anode or would be p a r a l l e l  t o  the  tube ax is  when the 
discharge tube w a s  ro t a t ed .  Only one s ide  of each probe was ac t ive  while the  
o ther  was protected from plasma cur ren ts  by a t h i n  l aye r  of mica. During the 
time of measurement the  tube was separated from the vacuum setup ( a f t e r  appro­
p r i a t e  c leaning) .  

The basic e l e c t r i c  c i r c u i t  i s  shown i n  f igu re  3 together  with the  tube 
described above and represents  a conventional probe scheme. Rowever, a more 
complicated compensating c i r c u i t  was used i n  the operation which made it 
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Figure 3 

possible t o  measure qu i t e  accurately the va r i a t ion  i n  the  probe cur ren ts  
associated with the r o t a t i o n  of the  probe ( f i g .  4 ) .  

This c i r c u i t  can be applied i n  cases when it i s  important t o  measure small  
var ia t ions  i n  the probe current .  

The method of taking measurements by means of t h i s  c i r c u i t  i s  as  follows: 

a .  During the operation both probes a r e  considered t o  be a t  a s ing le  
poin t  i n  the  plasma. This assumption i s  va l id  i f  the voltage drop i n  the column 
between probes Z1 and Z2 i s  compensated by placing a negative p o t e n t i a l  on probe 

Z2with respect  t o  Z1 such t h a t  the absolute value of t h i s  po ten t i a l  i s  equal t o  

the corresponding p o t e n t i a l  drop i n  the column; then the probes w i l l  be under 
i d e n t i c a l  conditions with respec t  t o  the plasma and can be considered as  a s in­
g le  probe a t  a given poin t  i n  space. 

To achieve t h i s ,  both probes a re  placed p a r a l l e l  t o  the  tube ax is .  The 
negative p o t e n t i a l  El from the b a t t e r y  i s  fed t o  Z 2; the  poin ts  1-3, 2-4, and 

5-6 are  connected; the keys K2, K6 a re  closed (while the keys %, K3, Kk and 

K5 a re  open). The potentiometer P2 i s  s e t  so t h a t  the current  i n  device G i s  

equal t o  zero. The shunt i n  t h i s  case i s  disconnected ( f i g .  4 ) .  

b. The poin ts  1-3, 2-4 and 5-6 a re  disconnected; the poin ts  1-2 and 5-7 
are  connected, the keys K1. and K

3 a re  closed. With the given voltage between 

the anode and probe Z
2 

given by the voltmeter V, the corresponding value of the 

current  through Z2 i s  recorded (from the reading of G ) .  

c. The same c i r c u i t  i s  supplemented by the closing of keys K4 and K
5 

and 

the source fo r  potentiometer P3 i s  used t o  generate a current  i n  the  c i r c u i t  of 
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Figure 4 

the galvanometer G which i s  the reverse of the  one flowing t o  Z2 from the  plasma. 

The potentiometer P3 i s  adjusted t o  reduce the reading of G t o  zero (R i s  a re­

s i s tance  of the order of 2-104 ohms and i s  used t o  prevent the branching of the 
probe current  a t  point  1). 

d .  Then Z1 i s  turned so t h a t  it faces  the cathode; the poin ts  5-7 a re  

disconnected and the poin ts  6-7 are connected. Then the device G w i l l  give the 
difference between the currents  t o  Z1 and Z2 due t o  the d i f f e r e n t  posi- /171 

t i ons  of these probes with respec t  t o  the  tube ax i s  (but not with respect  t o  the 
plasma) thus character iz ing the  e f f e c t  of d i r e c t i o n a l  e lec t rons  flowing t o  Z1; 

the shunt Sh i n  t h i s  case i s  disconnected. 

This difference i s  equivalent t o  the  current  difference which would be re­
corded by G sequent ia l ly  i f  we were t o  place Z1 p a r a l l e l  t o  the tube ax i s  and 

then make it face the cathode. However, the advantage of our method i s  t h a t  a 
s ing le  device can be used t o  measure the d i f fe rence  of these two cur ren ts  corre­
sponding t o  two d i f f e r e n t  pos i t ions  of the  same probe which makes it possible  t o  
achieve a high accuracy of measurement. Usually i n  measuring the t o t a l  magnitude 
of the  probe current  the sens i t i ve  galvanometers must have shunts and a re  in­
capable of reac t ing  t o  small current  var ia t ions .  

The same method i s  used t o  observe the e f f e c t  of d i r ec t iona l  cur ren ts  
associated with the  r o t a t i o n  of the probe towards the anode ( a l l  of the d i s ­
cussions pe r t a in  t o  probes which a r e  on the ax i s  of t he  tube) .  

Figures 5 and 6 show the experimental semilogarithmic cha rac t e r i s t i c s  of 
the probe placed on the ax i s  of the tube p a r a l l e l  t o  the l a t t e r  (curve 1) and 
the  corresponding cha rac t e r i s t i c s  of the  same probe when it faces  the  cathode 
(curve 2 ) .  The p a i r  of curves i n  f igu re  5 were obtained by taking measurements 
with tube N o .  1when the discharge current  was 200 mA. The curve shown i n  f i g ­
ure 6 p e r t a i n s t o  tube N o .  2 and a discharge current  of 200 mA. A comparison of 
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Figure 5 

these cha rac t e r i s t i c s  with those expected theo re t i ca l ly  and shown i n  f igure  1 
shows sa t i s f ac to ry  agreement between them. The cha rac t e r i s t i c s  o f  the probe 
facing the  cathode 2 always l i e  above the  corresponding cha rac t e r i s t i c s  of the 
same probe when it i s  placed p a r a l l e l  t o  the  ax is  (1). 

As a matter of f a c t  we should mention t h a t  the curves per ta in ing  t o  tube 
N o .  2, pa r t i cu la r ly  a t  high currents ,  exh ib i t  a sharp addi t ional  break. This 
break i s  observed during a l l  pos i t ions  of the  probe and i s  associated with the  
discharge conditions inside the  tube.  It i s  obvious t h a t  tube No. 2, due t o  
the  increased l i be ra t ion  of impurit ies from t h e  oxide of the  cathode, contains a 
ce r t a in  quantity of negative ions which f a l l  on the  probe i n  a noticeable amount 
when the  probe po ten t i a l  approaches the  space po ten t i a l .  This changes the  slope 
of the cha rac t e r i s t i c s  ( a t  the  high negative po ten t i a l s  the current  of negative 
ions does not f a l l  on the  probe because these ions have low v e l o c i t i e s ) .  /l72 
This explanation i s  fu r the r  confirmed by the  f a c t  t h a t  the  curves obtained with 
tube N o .  1 i n  which the  gas w a s  b e t t e r  pur i f ied  by strong cathode sput ter ing,  do 
not exhib i t  such a break ( f i g .  5 ) .  

W e  should not confuse the  breaks which are observed i n  the  semilogarithmic 
cha rac t e r i s t i c s  of the probes placed i n  the p l a s m  and those placed i n  the re­
gion close t o  the cathode pa r t s  of the  discharge. I n  the  l a t t e r  case the  break 
i s  due t o  f a s t  e lec t rons  ( r e f .  8) .  A s  shown by Rodin ( r e f .  6) when the probe i s  
su f f i c i en t ly  removed from the  cathode the  cha rac t e r i s t i c s  with breaks transform 
i n t o  normal cha rac t e r i s t i c s .  The breaks i n  the  cha rac t e r i s t i c s  observed by us 
for tube No. 2, when the  pressure i s  su f f i c i en t ly  high and when they a r e  far 
from the  cathode are  not due t o  the  d i r ec t iona l  flows but r a the r  t o  reasons 
s t a t e d  above. 

In  regard t o  the  cha rac t e r i s t i c s  of the  probe facing the anode, substan­
tial deviat ions from theore t i ca l  values a re  observed i n  some cases.  Figure 7 
shows the  semilogarithmic curves of such a probe when the  discharge current  i s  
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i s  200 mA. The l e f t  p a i r  i s  recorded f o r  tube No. 1 :md the  r i g h t  p a i r  f o r  tube 
No. 2. The curves 1 as before refer t o  a probe which i s  p a r a l l e l  t o  the  tube 
ax i s  while curves 3 refer t o  the  s a m e  probe when it faces  the  anode. 

A s  w e  can see i n  both cases, cha rac t e r i s t i c s  3 are above 1 and f a l l  below 
1 only beyond the space po ten t i a l .  A t  the same t i m e  the  corresponding theo­
r e t i c a l  curves 3 are below curve 1 a t  a l l  po in ts  ( f i g .  2 ) .  For lower discharge 
cur ren ts  and higher  tube vol tages  the  cha rac t e r i s t i c s  of the  probe fac ing  the 
anode are c lose r  t o  the  t h e o r e t i c a l  values.  Thus f o r  the same tube N o .  2 when 
the  discharge current  i s  100 mA curve 3 drops below 1 a f e w  v o l t s  before the  
space p o t e n t i a l  and when the discharge current  i s  20 mA, as shown i n  figure 8, 
cha rac t e r i s t i c  3 i s  below 1 s t a r t i n g  a t  the  i n i t i a l  po in t s .  

We should note t h a t  even i f  t he  cha rac t e r i s t i c  of a probe facing the  anode 
l i e s  below the  respect ive cha rac t e r i s t i c s  of the  probe which i s  p a r a l l e l  t o  the  
ax is ,  t h i s  does not always mean t h a t  the  r o t a t i o n  of the probe towards the  anode 
f a i l s  t o  produce uncontrolled d i s t o r t i o n  theor ies .  From the  t h e o r e t i c a l  charac­
t e r i s t i c s  of cur ren ts  Ik and 1, must be symmetrically d i s t r ibu ted  with respec t  
t o  the  semilogarithmic cha rac t e r i s t i c s  of the  current  i, i . e . ,  t he  following 
condition must be s a t i s f i e d  

O u r  measurements e spec ia l ly  a t  pressures  of 0.9 and 1.05 mm Hg 
show t h a t  the following inequal i ty  f requent ly  takes place 

i . e . ,  these  two ro t a t ions  towards the  cathode and t h e  anode, are not of equal 
v a l i d i t y  i n  t h e  sense of observing those conditions which form the  basis of 
t he  probe theory.  

From t h e  e n t i r e  series of observations described here w e  can conclude tha t  
i n  some cases  t h e  cha rac t e r i s t i c s  of probe cur ren ts  when t h e  probe i s  ro ta ted  
towards t h e  anode depart  subs t an t i a l ly  from t h e o r e t i c a l  ones. 
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I n  the case when the probe i s  ro ta ted  towards the cathode the experimental 
probe cha rac t e r i s t i c s  a re  i n  agreement wi th  t h e o r e t i c a l  ones. 

If i n  equations ( 2 ) ,  (3) and (4) we l e t  17 = 0 then w e  can use them t o  ob­
t a i n  an expression f o r  

Equation ( 5 )  w a s  proposed i n  reference 1 f o r  determining the. magnitude of 
the d i r ec t iona l  current .  However, the authors themselves poin t  ou t  t h a t  t h i s  
method gives a value f o r  Ix which i s  almost half  of the expected one ( l e s s  than 

the average dens i ty  of the discharge current  i n  the tube) .  

The data  from our experiments car r ied  out a t  somewhat higher pressures  and 
over a l a r g e r  range of discharge cur ren ts  a l so  show t h a t  equation ( 5 )  does not 
give cor rec t  values f o r  Ix. Apparently the reason f o r  t h i s  i s  the f a c t  t h a t  

the ro t a t ions  of the probe towards the cathode and towards the anode do not 
follow the same law. 

It appears more r a t i o n a l  t o  us t o  use those quan t i t i e s  f o r  the cur ren ts  
which a re  i n  agreement with the t h e o r e t i c a l  ones. Such quan t i t i e s  a re  the cur­
r e n t  Ik and I. Assuming t h a t  7\ = 0 i n  equations (2) and (3) ,  we have 

m
2kT t@ ++p+ P( u 0 ) / g > 3 ;
is=le 

By using re la t ionships  (7) we can f ind  1, from two readings.  

A processing of experimental da ta  by means of equation (7) shows t h a t  i n  
t h i s  case we obtain values which a re  close t o  the  expected ones and which a re  
always grea te r  than the average dens i ty  of the  discharge current  i n  the  tube. 

A s e r i e s  of t yp ica l  da t a  i s  shown i n  t a b l e  1. It would appear t h a t  the 
probe cha rac t e r i s t i c s  during the r o t a t i o n  of the  probe towards the cathode, i n  
s p i t e  of the cor rec t  pos i t ion  with respec t  t o  the cha rac t e r i s t i c s  f o r  I, /174
s t i l l  give a somewhat higher value of the current  due t o  the d i s t o r t i o n  of the 
plasma produced by t h i s  o r i en ta t ion  of the probe. 

If we measure the d i s t r i b u t i o n  of e l ec t ron  dens i ty  along the  sec t ion  of 
the discharge tube we  can f ind  the quant i ty  uo from equation (11) 
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-2 

I 


i 
u, =' R 9 

2nE $ Nrdr 
0 

where i i s  the current  i n  the ex terna l  c i r c u i t .  

A comparison of r e s u l t s  obtained by t h i s  method of determining u0 and Ix 

with the r e s u l t s  obtained by a method based on (7) shows good agreement. The 
discrepancy does not  exceed 5-10 percent.  This f u r t h e r  confirms our proposi­
t i o n  t h a t  if we know the currents  t o  the probe facing the  cathode and facing 
the tube axis, we can obtain co r rec t  r e s u l t s .  

The advantage of the  method described i n  the present  a r t i c l e  i s  t h a t  it 
requires  only two measurements r a the r  than the measurement of the  e l ec t ron  
dens i ty  d i s t r i b u t i o n  along the e n t i r e  cross  sec t ion  of the  discharge tube.  The 
l a t t e r  i s  required when (8) i s  used. 

We should discuss  the inaccuracy i n  determining the space po ten t i a l  and 
the associated e r r o r  i n  the magnitude of e lec t ron  concentration determined from 
the value of the probe current  i i n  the presence of space po ten t i a l .  This 
e r r o r  i s  introduced both when re la t ionship  (7) i s  used a s  wel l  a s  equation 
(8).l This e r r o r  can be evaluated by using spec i f i c  experimental character­
i s t i c s .  

If we use curve 3 of f igu re  7 (on the r i g h t  s ide )  t o  determine the  space 
po ten t i a l  f o r  -4V instead of the assumed value (-6v), the probe current  w i l l  
become equal t o  80.6 mA instead of 67.4 mA, i . e . ,  the  e r r o r  i n  determining the 
concentration w i l l  be only of the order of 10  percent per  vo l t .  If instead of 
the common e r r o r  of f 0.5 V we have an e r r o r  of 2V, the  var ia t ions  i n  the de­
termination of e lec t ron  concentration w i l l  be from 20-30 percent. However, an 
e r r o r  of t h i s  order i s  highly improbable. 

TABZE 1 
.~ 

I 
m i  -mA 

Discharge 
mA/cm2 

Ia cm Ik  em2 
current  

mA (17 = 0) (T) = 0 )  
-

200 49.4 52.o 60 .o 

200 128 128.7 136.o 
20 9 - 2  8.9 9.8 

. .- - . 

c, = Ik - 'a -~ average Remarks 

0 

8 .o 11.0 19 .o 
Tube 
N o .  1 

7 .3  11.o 16.0 
Tube

-9 1.1 1.2 No.  2 

'We are  g r a t e f u l  t o  L. A. Sena f o r  the discussion of t h i s  problem. 
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A s  we can see from the c h a r a c t e r i s t i c s  i n  f igu re  7 (on the  r i g h t  s i d e )  the  
t e s t  conditions which we  have se lec ted  produce a sharp break i n  the  ch6racter­
i s t i c s  during the  space p o t e n t i a l  which decreases the  e r r o r  introduced i n  the 
determination of I,. 

The e r r o r s  i n  determining t h e  d i r e c t i o n a l  ve loc i ty  may be assumed t o  be 
equal t o  the  e r r o r s  i n  determining t h e  e l ec t ron  concentration. 

3. Conclusions 

The experiments described i n  the  present  a r t i c l e  and t h e i r  comparison with 
theo re t i ca l  da ta  on probes show tha t :  

1. The semilogarithmic c h a r a c t e r i s t i c s  of the  e l ec t ron  cur ren t  flowing t o  
the probe fac ing  the cathode pass above the  c h a r a c t e r i s t i c s  of  the chaotic cur­
r e n t .  The l i n e a r  va r i a t ion  of the c h a r a c t e r i s t i c s  i s  not disrupted but the 
slope i s  somewhat changed. Theoretical  and experimental da t a  a re  i n  s a t i s f a c t o r y  
agreement. 

2. The ro t a t ion  of the probe towards the  anode must lead t o  the displace­
ment of the same c h a r a c t e r i s t i c  downward along the  axis of the  ord ina tes  with­
out  a d i s rupt ion  of  i t s  l i n e a r  property.  However, i n  p rac t i ce  t h i s  ro t a t ion ,  
p a r t i c u l a r l y  f o r  high discharge cur ren ts ,  produces a per turba t ion  of the plasma 
which i s  not explained by probe theory.  This i n  t u r n  leads  t o  a discrepancy 
between t h e o r e t i c a l  and experimental data.  

3. The use of equation ( 5 )  gives  wrong values f o r  the  d i r e c t i o n a l  current.  
The use of equation (7) t o  determine Q under d i f f e r e n t  discharge conditions 

produces s a t i s f a c t o r y  r e s u l t s .  

4. The method u t i l i z i n g  equation (7) i s  controlled by means of equa- /l75 
t i o n  (8) which serves the  same purpose. 

5. A sens i t i ve  c i r c u i t  has been developed for measuring small va r i a t ions  
i n  probe current by determining the  d i f fe rence  i n  the  readings of two probes 
which a re  under i d e n t i c a l  conditions i n  the  discharge. 
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